Background and Objectives: The role of laparoscopy in the management of iatrogenic colonoscopic injuries has increased with surgeons becoming facile with minimally invasive methods. However, with a limited number of reported cases of successful laparoscopic repair, the exact role of this modality is still being defined. Drawing from previous literature and our own experiences, we have formulated a simple algorithm that has helped us treat colonoscopic perforations.
INTRODUCTION
Iatrogenic perforations of the colon after colonoscopy have traditionally been managed with exploratory laparotomy and primary perforation closure or bowel resection with or without ostomy. 1 However, the role of laparoscopy in the management of iatrogenic colonoscopic injuries has increased as more reports of successful treatments have emerged. Numerous case reports and case series have described the successful management of this complication using various laparoscopic approaches. The main advantages conferred by the laparoscopic approach include an improved ability to localize the site of the perforation and, where appropriate, secure repair under direct vision through a small incision. 29 The benefits of minimally invasive surgery are reduced postoperative ileus and pain, leading to a reduced length of stay. 23 Furthermore, patients undergoing laparoscopy return to normal activities earlier. 23 Thus the outcomes of a cohort of patients who have sustained an unexpected complication from a common procedure have improved.
Laparoscopic surgeons have differing levels of skill and institutional resources when facing the aforementioned complication. With limited reported cases of successful laparoscopic repair in the literature and with prospective studies being impractical, the exact role of this modality is still being shaped. Although laparoscopic repair has gathered increasing support since it was first described almost 20 years ago, to our knowledge, a system that attempts to unify the ideas conveyed by the various authors does not exist. The only algorithm described in the previous literature to date provided a method of deciding between laparoscopic techniques in managing iatrogenic perforations. 13 Drawing from the previous experiences identified through a comprehensive literature review and those from our own institution, we formulated a system that aims to define the role of laparoscopic surgery in the management of colonoscopic perforation. This system is a simple algorithm that guides laparoscopic surgeons with varied means in treating this complication.
METHODS
A review was undertaken of patients admitted to our institution after iatrogenic colonic perforation under the care of 2 colorectal surgeons. This was performed retrospectively on prospectively collected data. All patients with iatrogenic perforations were included. For each patient, the details of the initial encounter, management, and recovery were documented from a carefully studied chart review. The algorithm was formulated before starting the study. No patients were excluded, and the investigators were not blinded.
Surgical Technique
In the operating room, diagnostic laparoscopy is performed through a periumbilical port placed by the Hasson technique. Additional ports are placed according to the suspected perforation site to allow for easy triangulation and enhance exposure, facilitating a safe repair. In small tears without significant contamination, we advocate simple one-layer suture closure and, if possible, omental or pericolonic fat patch placement. For larger tears, we recommend stapling. In those rare circumstances in which there is associated necrosis, significant contamination, and/or abscess formation, resection and possible temporary diversion with drain placement comprise our preference. An air insufflation leak test is performed for lower descending colon, sigmoid, and/or rectal repairs.
A Medline search was performed, incorporating the following search words: colonoscopy, perforation, and laparoscopy. Twenty-three articles involving 106 patients were identified and reviewed, focusing on the patients' clinical presentations, laparoscopic interventions, and outcomes. Our algorithm is presented.
RESULTS
Between May 2009 and August 2012, 7 patients with colonoscopic perforations were treated by 2 surgeons. Detailed data are summarized in Table 1 .
The mean patient age was 63 years (range, 51-84 years). Of the patients, 3 were women and 4 were men. None of the patients had undergone surgery previously. Four patients had sustained the injury after a diagnostic colonoscopy, whereas the remaining 3 had undergone a therapeutic colonoscopy with associated polypectomies. During the initial clinical evaluation, 5 of the 7 patients had an abdominal flat plate radiograph that showed pneumoperitoneum. A computed tomography (CT) scan was obtained in 5 of 7 patients during their evaluation, whereas in 2 patients the endoscopist reported visualizing the peritoneum through a perforation site with an obvious location.
Of the 7 patients, 6 were managed surgically acutely; all 6 underwent surgery within 12 hours of their reported injury. The surgical outcomes are summarized in Table 2 . During surgery, 2 of the 6 patients were found to have a linear tear, which was found in the descending colon in both patients. One of these cases was managed with a laparoscopic linear stapler, whereas the other patient underwent intracorporeal suturing. In a single patient, an avulsion injury of the rectosigmoid was found and was managed with a laparoscopic-assisted low anterior resec- tion and a loop ileostomy. In the fourth patient, a "blowhole" tear was found in the cecum and was managed with laparoscopic intracorporeal suturing, whereas in the fifth case, a small perforation was seen in the ascending colon with surrounding necrosis necessitating a laparoscopic right colectomy. In the sixth patient, a similar perforation in the sigmoid was managed with a laparoscopic sigmoidectomy. There were no intraoperative complications, and all 6 patients made an uneventful recovery, with a mean length of stay of 4.43 days (range, 2-7 days).
The single case in our series that was managed by the conservative approach was an 84-year-old man in whom a perforation was suspected by the endoscopist after a cecal polypectomy; endoscopic clipping was performed at the time of the initial procedure. The patient, who was hemodynamically stable, underwent a CT scan that showed a small retrocecal perforation. He was managed with intravenous antibiotics, bowel rest, and serial abdominal examinations for 2 days. He was subsequently discharged from the hospital and underwent a laparoscopic cecectomy electively at a later date. He had a sessile polyp of the cecum.
The details of the previously reported cases identified by our extensive literature search are summarized in Table 3 . We therefore present our algorithm (Figure 1) , which is in line with the previously reported case series and has assisted in the care of our patients.
Algorithm
When colonoscopic perforation is suspected, the first step is to obtain a focused history and physical examination, laboratory tests, and an abdominal flat plate radiograph (Figure 1) . A corroborative history regarding procedure details should also be obtained from the endoscopist involved. Intravenous antibiotics should be started as soon as a perforation is confirmed.
When patients present with hemodynamic instability, this is often associated with a delay in recognition. Subsequent to the initial workup and resuscitation, we recommend that patients undergo emergent exploratory laparotomy. Laparotomy is also reserved for patients whose surgical history precludes a laparoscopic approach or when the perforation is not amenable to the minimally invasive technique.
In the stable patient in whom the perforation location remains unknown, the next step is to perform a CT scan of the abdomen and pelvis (Figure 2) . CT can further assist in determining the degree of perforation sustained. In some patients a small contained perforation on the CT scan can still be managed conservatively with serial clinical evaluations. If a free perforation is found on the CT scan, however, emergent laparoscopy is necessary. Intraoperatively, we have also found the review of the CT scan during laparoscopy to be of great help in subsequent decision making regarding the mode of repair.
At laparoscopy, depending on the complexity of the perforation, degree of contamination, and surgeon's skills and available tools, the repair can be performed by one of several methods (Figure 3) . The options include intracorporeal suturing, stapler, formal resection, or diversion. In the rare situations in which the perforation cannot be identified or repaired laparoscopically, laparotomy and conventional repair methods would be indicated.
DISCUSSION
Colonoscopic perforations are rare but potentially serious complications occurring in between 0.03% and 0.8% of diagnostic procedures and 0.15% and 3% of cases in therapeutic studies. 23 With increasing acceptance of colorectal screening and the advancement of colonoscopic therapeutic procedures, the incidence of colonoscopic perforation has begun to increase. 17 The laparoscopic approach to repair has been described since the 1990s, initially in the form of case reports and case series. More recently, comparative studies have shown advantages in patient outcomes after laparoscopic repair versus conventional laparotomy. 19 ,21,23,25 Therefore the laparoscopic option has gained increasing acceptance as an alternative to managing iatrogenic perforations, although a clearer role has yet to be defined in the literature. We thought that a defined algorithm would further assist practitioners in the treatment of this rare but dangerous clinical scenario.
A detailed history and physical examination are of paramount importance. A key aspect of this step involves Hayashi et al communication with the endoscopist because this often yields important information that becomes relevant in how treatment is approached. Specifically, information regarding the indication for the procedure and quality of bowel preparation may assist in the forthcoming decision making 26 while presenting clues regarding contamination. Furthermore, discussion with the endoscopist may yield details regarding the suspected perforation site, cause of the perforation, other polyp location(s), and whether the injury and its extent were visualized, 19 which are also vital adjuncts to decision making.
Traditionally, obtaining an abdominal flat plate radiograph that showed a free perforation was considered sufficient preoperative workup. In our algorithm for laparoscopic repair, it is important to perform a CT scan because it provides a roadmap to allow expedited attention to the injured area. To begin with, it allows differentiation between a free perforation and a contained perforation, a difference that, in a stable patient, would assist in deciding between expectant and operative management. 30 Obtaining a CT scan has the added advantage of identifying an incidental rare splenic injury after colonoscopy in cases in which the clinical scenario may be confusing. 22 Nonetheless, visualization of the intraperitoneal cavity by the endoscopist through a well-documented perforation site sometimes negates the need for a CT scan, as was found in 2 of our 7 cases. In addition, a preoperative CT scan is helpful intraoperatively because it can help delineate the extent of injuries particularly on the mesenteric or retroperitoneal aspects that are sometimes not as accessible with the laparoscope. Furthermore, in rare cases in which the perforation is not identifiable with the laparoscopic instrument, an intraoperative review of the scan is a great adjunct that may point the surgeon in the right direction.
In the 2 cases in which a CT scan was not ordered, the endoscopist had described the perforation site as being just proximal to the third valve of Houston, diminishing the need for the CT scan. As was the case in the single patient managed conservatively, expectant management should be applied with the premise that frequent clinical observation and immediate intervention can be performed if the patient's condition deteriorates. 31 The timely use of laparoendoscopy in evaluating suspected perforations, limiting intraperitoneal contamination and inflammation progression, is another vital aspect of our algorithm. This follows the principle that the sooner the operation is performed, the less invasive the technique required is. 13 All the patients in this series underwent surgery within 12 hours of their reported endoscopic injury. Previous series have safely managed colonoscopic perforation laparoscopically up to 24 hours after the diagnosed injury, 25 beyond which it may become significantly challenging to successfully achieve, leading to exploratory laparotomy.
Included in the laparoendoscopy evaluation step of the algorithm is intraoperative colonoscopy using carbon dioxide for insufflation. Though not needed in any of our cases, it has been described by previous authors to be of some benefit in identifying the site of injury. 21 Carbon dioxide quickly dissipates, allowing for a less challenging operative field. The use of endoscopic clipping to close iatrogenic perforations has been described in case series including 58 patients to date with a success rate of 89.6%. 32 The benefits of this strategy could afford the clinician an even less invasive approach to managing this complication particularly in patients with smaller, welldefined perforations with little or no evidence of surrounding thermal injury. Careful observation would be necessary to monitor the success of this method.
A variety of approaches with varied indications for repairing perforations have been described in the literature. Previously, some authors have proposed that perforation size is the determining factor when deciding among suture repair, wedge resection, and colonic resection. 13, 21 Other authors have used the level of intraperitoneal contamination as a determining factor, with high amounts requiring colonic resection. 19, 26 A further suggestion has been to only place sutures when there are no signs of thermal damage. 13 In agreement with our colleagues, 19, 23, 26 we suggest that the approach to managing a perforation should be tailored to the surgeon's preference but should still adhere to the principles applied to performing an open repair. Our intraoperative decision making is based on 4 factors: the size and location of the defect, the quality of the preparation, and lastly, whether the defect involves compromise to the mesentery (ie, avulsion injuries). Primary repair is used if the tissue in question is well vascularized and approximation can be performed without tension and/or narrowing of the lumen. Avulsion defects would have natural elements of ischemia and therefore would require a formal resection with fresh, healthy tissues used for anastomosis. Finally, in cases in which the injury is recognized late with associated significant intraperitoneal contamination or injuries of the low rectum, we consider staged repair. It must be stated that although robotic colon surgery may offer advantages with regard to ease of repair by intracorporeal suturing, the adynamic nature of this device once docked, especially in cases in which the location of perforation is unknown, makes it cumbersome to perform timely repair, and this method is not advocated by us at this time.
With consideration of all of the previously mentioned points, the decision to convert to a laparotomy should always be entertained and selected based on the surgeon's skill, the stability of the patient's condition, and concern regarding the integrity of repair 19 or difficulty identifying the perforation site 4, 19 that prevents an entirely laparoscopic approach. The application of exploratory laparoendoscopy to identify the perforation site, followed by conversion to focused mini-laparotomy, has also been described 8, 21, 29 and is a safe option to add to the armamentarium of the surgeon facing this situation.
The rarity of colonoscopic perforations has meant that the management of this complication, particularly incorporating newer techniques such as laparoscopic surgery, has been poorly defined. Similarly, the low incidence of this condition has contributed to the lack of prospective randomized studies that would solidify current evidence showing the benefits of laparoscopic repair. With the expectation that the prompt and appropriate management of these patients minimizes their morbidity and mortality rates, we believe that a simple algorithm unifying the ideas from previous literature and incorporating our own experiences provides a clearer management plan that will lead to better outcomes.
CONCLUSIONS
Traditionally, laparotomy has been the standard of care for treating colonoscopic perforations when conservative management is deemed inappropriate. Our experience reinforces previous views that laparoendoscopic surgery is a safe and effective alternative to managing this complication. We have formulated a simple algorithm that we have found helpful in guiding the surgeon considering a laparoscopic approach to managing this condition.
